At the request of the Journal Editor and the Publisher the following article has been retracted due to errors that have compromised the scientific validity of this paper.
SO Karakisi, AG Kunt, İ Çankaya, M Kocakulak, Ş Bozok, U Muşabak, MF Sargon, Ş Ergene1, G İlhan, H Karamustafa, N Tüfekçi, E Şener. Do phosphorylcholine-coated and uncoated oxygenators differ in terms of elicitation of cellular immune response during cardiopulmonary bypass surgery? Perfusion. Epub ahead of print 5 January 2015. DOI: 10.1177/0267659114567137 A significant error in data handling was uncovered after the article had been published with regards to the distribution of CD3*CXCRT T cells. Notably there was a 10-fold difference in the two groups which was not biologically explained.
On further analysis, it became evident that the statistical approach for the primary outcome(s) was flawed. For analysis of repeatedly-assessed timerelated data, the authors used comparison of groups at identical time points. This form of cross-sectional comparison at individual time points is not appropriate as it fails to account for patient variability. Traditional repeated-measures ANOVA can also not be used as the process fails to account for correlation among repeated measurements in individual patients. Therefore a mixed modelling approach should have been used.
In addition to this a clerical error was inadvertently incorporated into Table 3 -Comparison of the distribution of white blood cell subgroups in the two groups. The section entitled 'Distribution of CD3+CXCRI+ T cells (%)' , row 'Induction' , column 'Group 1 (N=10)' includes the figure 8,3 which should read 0,83.
Introduction
Cardiovascular interventions have become more popular due to the aging population of the world. In order to facilitate surgical procedures and provide sufficient perfusion of other organs, cardiopulmonary bypass (CPB) has been widely used.
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are the contact of blood cells with the inner surface of the pump system, ischemia/reperfusion injury, hypothermia, endotoxemia, surgical stress and anesthesia. 1, 2 This inflammatory response may lead to considerable morbidity and mortality due to serious circumstances such as myocardial dysfunction, respiratory failure, impairment of renal, hepatic and neurological functions and multiple organ failure. 1, [3] [4] [5] Alternatives that may aid in the elimination of these hazardous effects of CPB are sought. Glucocorticoids, protease inhibitors, heparin, phosphodiesterase inhibitors, antioxidants, sodium nitroprusside, complement inhibitors and monoclonal antibodies are among the pharmacological agents that may suppress the inflammatory response. Moreover, lining the surfaces of the CPB system, alteration of pump flow strategy, ultrafiltration during CPB and lowering the body temperature are other measures expected to be beneficial for the same purpose. 3, 6 The most important foreign surfaces that blood cells get in contact with are the membranes in the oxygenators. Therefore, coating these membranes may serve to alleviate the inflammatory response and protein adsorption.
The aim of the current study was to compare the phosphorylcholine-coated and uncoated oxygenators in terms of inflammatory response and protein adsorption, with flow cytometry and electron microscopy.
Materials and Methods

Study Design
This study was approved by the local Institutional Review Board (2010/12) and written informed consent was obtained from all subjects.
A total of 20 consecutive patients scheduled for isolated coronary artery bypass surgery at the Cardiovascular Surgery Department of our tertiary center between November 2009 and January 2010 were included. During CPB, a phosphorylcholine-coated oxygenator (Ph.i.s.i.o, Compactflo Evo, Dideco, Mirandola, Italy) was used in 10 patients, constituting Group 1, while the uncoated oxygenator of the same company was utilized for the remaining 10 cases, making up Group 2. Participants were allocated to the two study groups according to a computerized block randomization process in order to keep the number of participants in the different groups equal.
Blood studies. Complete blood counts and immunological study were performed on the blood samples. Neutrophil, lymphocyte and platelet counts were carried preoperatively, at the end of the operation and on the 1st and 3rd postoperative days. The immunological study consisted of CD15+, CXCR1+ for neutrophils and CD3+, CD3+CD25+, CD3+CD69+ and CD3+CXCR1+ for T lymphocytes.
After obtaining 4-5 ml of venous blood through a peripheral venous route, samples were transferred to acid-citrate-dextrose Adenin (ACD A) tubes (Becton Dickinson, Meylan, Cedex, France). Cell counts were calculated assuming 1x10 6 cells/ml. For each tube, 20 µL of monoclonal antibodies (CD3 FITC/CD181PE, IgG 1 FITC/IgG 1 PE/CD3 PerCP, CD3 FITC/CD25 PE/ CD69 PerCP) were administered to samples containing 1x10 6 cells. After incubation in a dark environment at room temperature for 20 minutes, erythrocytes were separated and removed, with the addition of 2-3 ml of lysing solution (Becton Dickinson, San Jose, CA, USA). Subsequent to the lysing solution, the samples were irrigated with 2 ml of phosphate buffered saline (PBS) and suspended in 500 µL PBS containing 1% paraformaldehyde. Samples were maintained at 2-8°C in a dark environment until analysis. Cellular analysis was made using the FACSCanto (Becton Dickinson, Immunocytometry Systems, San Jose, CA, USA) flow cytometry device and the BD FACSDiva program (BD Biosciences, San Jose).
Electron microscopy. Samples were gathered from the oxygenators by a sterile scalpel after opening the hard, protective cover surrounding the oxygenator with a Dremel cutting burr (Widget Supply Inc., Albany, OR, USA). Two different samples, containing 300 fibers (6 cm) and 50 fibers (1 cm), were obtained. Samples of 6 cm size underwent ultrasonic washing to eliminate foreign bodies and provide mechanical cleaning. Fibers were maintained in 50 ml tubes containing 35 ml isotonic saline. Fibers were transected after exposing to liquid nitrogen and electron microscopy was conducted with an FEI QUANTA 200 FEG SEM electron microscope under an acceleration voltage of 22 kV (FEI Europe Nanoport, Eindhoven, The Netherlands). 2 Fibers of 1 cm were fixed in 2.5% glutaraldehyde solution for 24 hours and irrigated with Sorensen's Phosphate Buffer (SPB). After the fixation procedure with 1% osmium tetroxide, fibers were re-irrigated with SPB solution. Dehydration was accomplished with increasing concentrations of acetone (25%, 50%, 75% and pure acetone) and samples were transferred into Petri dishes and kept for drying for 6 hours. Dry materials were adhered on metal plates of SEM and coated with a mixture gold and palladium with a sputter apparatus (Bio-Rad Laboratories Headquarters, Hercules, CA, USA). Following coating, samples were maintained in a dry medium for 24 hours and electron microscopic examination was made with a JEOL SEM ASID-10 device (Jeol Ltd, Tokyo, Japan) under 80 kV acceleration voltage (Figures 1-3 ).
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Statistical Analysis
Statistical analysis was performed using the Statistical Package for Social Sciences program version 16.0 (SPSS Inc, Chicago, IL, USA). Continuous variables are presented as mean±standard deviation. Parametric tests were applied to data of normal distribution and non-parametric tests were applied to data of questionably normal distribution. Descriptive data were recorded and expressed as mean, standard deviation and range (minimum to maximum values). Numbers and percentiles were used for the expression of categorical variables.
Distribution of variable groups was tested with the Kolmogorov-Smirnov test. The Mann-Whitney U test and the Wilcoxon test were used for comparison of variables between the groups. Categorical variables were compared via the Chi-square, Fisher and Mantel Haenszel tests. The level of significance was set at p<0.05.
Results
A total of 20 patients (3 females, 17 males) met the eligibility criteria for the study. The average ages for Group 1 and Group 2 were 61.7±13.2 (range, 44 to 78) and 63.1±9.6 (range, 51 to 78) years, respectively. Comparison of the two groups with respect to descriptive and perioperative features are plotted on Table 1. No significant difference was observed between the groups in terms of WBC counts. However, WBC counts were significantly increased in the postoperative period compared to the preoperative values in both groups (Table 2) . No difference was detected between the groups regarding neutrophil counts preoperatively, at the end of the operation and on the first postoperative day. The mean neutrophil count was higher for Group 1 on postoperative day 3 (p=0.04). Preoperative neutrophil counts for both groups were lower than the postoperative neutrophil counts at the end of the operation and on postoperative days 1 and 3 ( Table 2 ).
The two groups were similar with respect to preoperative, at the end of the operation and postoperative day 1 neutrophil counts. The neutrophil counts were significantly lower for Group 2 at the end of surgery and postoperative day 1. In Group 1, the neutrophil count on postoperative day 1 was significantly higher than the value at the end of the operation (p=0.012) ( Table 2) . Lymphocyte counts did not exhibit any difference on postoperative days 1 and 3 between the groups. In Group 1, preoperative lymphocyte counts were significantly higher than those at the 1 st postoperative day (p=0.02). In Group 2, this difference was more prominent (p=0.005) ( Table 2) . Platelet counts were similar in the two groups and the preoperative platelet counts were significantly higher than the platelet counts at the end of the operation and on the 1st and 3rd days postoperatively ( Table 2 ). 
R E T R A C T E D
Between the groups, no difference was observed regarding the mean values of CD15 + CXCR1 + neutrophils at any time intervals (Table 3) . No statistically significant difference was detected between the two groups in terms of CD15 + CXCR1 + neutrophil mean fluorescent intensity (MFI) values at any time intervals. Neither was there a difference for CD15 + CXCR1 + neutrophil MFI values within Group 1 or Group 2, regarding the values before and after the operation, at any period ( Table 3 ).
Analysis of CD3+ T cell ratios did not display any significant difference between the groups. In both groups, CD3+ T cell ratios during the induction of anesthesia were found to be increased compared to the end of pump (p=0.001 and p=0.0017, respectively). In Group 1, the CD3+ T cell ratio at the induction of anesthesia was higher than that at postoperative day 1 (p=0.008). Values for CD3 + CD25 + T cells did not exhibit any difference between groups; however, the mean ratio of CD3 + CD25 + T cells in Group 1 was significantly higher than that of Group 2 (p=0.01) ( Table 3) .
There was no statistically significant difference between groups with respect to MFI values of CD3 + CD25 + cells. On the 1st postoperative day, CD3 + CD25 + T cellular MFI values for Group 1 were found to be lower than Group 2 (p=0.33) ( Table 3 ). The two groups were similar with respect to CD3 + CD69 + T cell counts. CD3 + CD69 + T cell values (MFI) did not differ between the groups. Nevertheless, for Group 1 and Group 2, the mean MFI for CD3 + CD69 + T cells were lower at the induction of anesthesia compared to the end of pump (p=0.01 and p=0.02, respectively, Table 3 ).
In Group 1, CD3 + CXCR1 + T cell intensity was greater than Group 2 at all time-intervals (Table 3) . No difference was observed between the groups with respect to CD3 + CXCR1 + T cellular MFI. Neither was there a difference between the induction values and the perioperative or postoperative values for each group (Table 3 ).
Discussion
In this study, we attempted to demonstrate whether there was a difference between the cellular immune responses of patients who underwent CPB using uncoated or phosphorylcholine-coated oxygenators. Our study indicated that a more prominent cellular immune response was observed in patients operated with the use of phosphorylcholine-coated oxygenators.
Cardiopulmonary bypass provides hemodynamic stability during cardiac surgery and aids in decreasing the likelihood of complications. However, CPB may induce a complex inflammatory response that consists of the synthesis and release of inflammatory mediators. This inflammatory process starts with the contact of heparinized blood with the non-endothelial surfaces. [7] [8] [9] Continuous circulation of heparinized blood and subsequent re-infusion are two factors that amplify the immune response. While neutrophils, monocytes, platelets and endothelial cells participate in this 
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A C T E D process, lymphocytes are less likely to be involved. 10, 11 Superposition of bleeding, ischemia-reperfusion injury and rejection reactions with the release of vasoactive and cytotoxic cytokines result in the alleviation of this inflammatory cascade. [12] [13] [14] [15] Recently, the usage of materials with modified surfaces has been popularized in order to diminish the adherence of blood elements onto the non-endothelial surfaces. Phosphorylcholine may mimic the lipids on the outer surface of cell membranes and may, presumably, result in a diminished inflammatory response. 13 Gunaydın et al. suggested that leukocytes were increased and platelets were decreased in both phosphorylcholine-coated and uncoated oxygenators with respect to the baseline values during the induction of anesthesia. 14 De Somer et al. found that phosphorylcholine-coated oxygenators were less likely to activate platelets than uncoated oxygenators. In the same study, activation of leukocytes was found to be similar in both groups. 15 Similarly, Sohn et al. have stated that there was a decrease in the postoperative platelet counts of patients who were operated using a phosphorylcholinecoated oxygenator. 16 The results of our study have demonstrated no significant difference between groups in terms of WBC counts. The increase in WBC count at the end of the operation and the 1st day postoperatively may be due to the steroids used for the induction of anesthesia and the inherent effect of CPB. From this point of view, our results are consistent with the literature. 14, 15 Platelet counts were found to be significantly decreased in both groups on the 1st and 3rd postoperative days. This decrease may be attributed to the adherence of platelets to the oxygenator fibers and the impact of systemic steroids. 16 In our series, neutrophils were increased in all postoperative time intervals and this change may be explained by the contact with a foreign body (nonendothelial surface) and the administration of systemic steroids. CD15 + CXCR1 + neutrophil counts were lower in Group 1 on the first day postoperatively while mean 17 Lymphocyte counts were decreased in Group 1 at the end of operation while they were lower in Group 2 on the first day postoperatively. Leaes et al. noted a signifi-cant fall in lymphocyte counts in the postoperative period after CPB. There was a noteworthy decrease of CD3 + CD25 + T cells (activated T cells) in patients exposed to uncoated oxygenators. This finding is remarkable since it reminds us that phosphorylcholine-coated oxygenators may be more immunogenic. Variables are expressed as mean±standard deviation and range, *: statistically significant difference within the group between pre and postoperative values; §: statistically significant difference between groups; MFI: mean fluorescent index.
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However, such a difference could not be established between groups for CD3 + CD69 + T cells (early activated T cells).
The results of the current study showed that CD3 + CXCR1 + T cell counts were higher in patients exposed to phosphorylcholine-coated oxygenators. This increase may be related with T cell chemotaxis with IL-8 receptors.
Electron microscopic examination of our cases revealed that erythrocytes, leukocytes and platelets were more likely to adhere onto uncoated fibers. Suhara et al. have shown thrombosis on fiber surfaces of uncoated oxygenators. 19 Heparin-coated systems were associated with a less likelihood of absorption of platelets. 20 Some limitations of the current study must be noted. First, our sample size was small and strict criteria for inclusion of patients were lacking. Moreover, the impact of metabolic, environmental, racial and geographic factors that are prone to influence the results cannot be completely controlled. For example, a case in point is in the interpretation of the neutrophil counts. If one presents these data in terms of a trend profile, one might argue that the neutrophil count suggests a delayed response and, further, that the heightened and late response may be due to other clinical interventional factors. Therefore, interpretations and extrapolations must be made carefully. However, we hope that results of this study will pioneer further trials on this topic.
Conclusion
Phosphorylcholine-coated oxygenators have been developed in order to suppress the immune response triggered due to the contact of blood cells with nonendothelial surfaces. However, our results have shown that coated oxygenators seemed to activate a cellular immune response more prominently than uncoated oxygenators. Further clinical trials on larger series on the clinical significance of these data are warranted to document the actual immunogenic potential of coated extracorporeal circulation systems.
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